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(54) Method and apparatus for generating and displaying location-specific diagnostic 

information using an implantable cardiac stimulation device and an external programmer 

(57) Location-specific diagnostic information is de- 
tected and recorded by a cardiac stimulation device (1 0) 
for subsequent display using an external programmer 
device (102). The diagnostic information includes loca- 
tion-specific event records, counters and IEGM signals. 
The event records include event codes that distinguish 
among events occurring in the four chambers of the 
heart (12), such as sensed or paced events occurring 
within the left or right atria or the left or right ventricles. 
The counters separately count events occurring within 
the chambers of the heart. The IEGM signals are sepa- 
rately detected within the four chambers of the heart (12) 
using a multiple sensing lead arrangement. The loca- 
tion-specific event records, counters and IEGM signals 
are ultimately transmitted to the external programmer, 
which displays graphic representations of the diagnostic 
information. The event records are displayed using dis- 
tinct event marker icons which distinguish among the 
four chambers of the heart. The distinct event marker 
icons are displayed along with location -specific IEGM 
displays or surface ECG displays to permit a physician 
operating the programmer to easily identify the specific 
chambers of the heart (12) in which events the occurred. 
Additionally, the programmer displays the values of the 
various counters to provide, for example, a set of loca- 
tion-specific histograms. The diagnostic information de- 
tected and recorded by the stimulation device and dis- 
played by the external programmer device may further 
distinguish among events detected at multiple locations 
within each chamber of the heart (12). 
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Description 

[0001 ] The invention generally relates to implantable 
cardiac stimulation devices and to external program- 
mers used in connection therewith and in particular to 5 
methods and apparatus for processing and displaying 
event markers and other diagnostic information detect- 
ed by an implanted device. 

[0002] A wide variety of implantable cardiac stimula- 
tion devices are provided for surgical implantation into 10 
patients. One common example is the cardiac pace- 
maker. Another is the internal cardioverter defibrillator 
(ICD). Implantable devices are often configured to be 
used in conjunction with an externa! programmer that 
allows a physician to display information detected by the 
implanted device. For example, the external program- 
mer may operate to display electrical cardiac signals de- 
tected by the implantable device in the form of intracar- 
diac electrograms (lEGMs). An IEGM is a graphic de- 
piction of electrical signals emitted by active cardiac tis- 
sue as detected by electrodes placed in the heart. The 
electrical signals are digitized and recorded with the im- 
planted device along with an indication of the date and 
time, then transmitted to the external programmer for 
display thereon, perhaps during a subsequent follow-up 
session with the physician. Alternatively, the implanted 
device is controlled to transmit the IEGM signals in real- 
time during the follow-up session. The external pro- 
grammer may also be configured to receive real-time 
surface electrocardiogram (ECG) signals from an exter- 
nal ECG detector, perhaps for display along with con- 
temporaneous real-time IEGM signals transmitted from 
the implanted device. 

[0003] The implanted device may also be configured 
to detect various events, such as paced and sensed 
events, and to generate event codes representative of 
the events for transmission to the external programmer. 
The event codes are detected and stored in the implant- 
ed device along with the corresponding IEGM signals 
and the date and time for subsequent transmission to 
the external programmer or are detected and transmit- 
ted to the external programmer in real-time along with 
real-time IEGM signals. The external programmer gen- 
erates event marker icons based on the code and dis- 
plays the icons along with either IEGM signals, ECG sig- 
nals, or both. Exemplary event markers are: P for a 
sensed event in the atria; R for a sensed event in the 
ventricles; A for a paced event in the atria, and V for a 
paced event in the ventricles. Along with the event mark- 
ers, the programmer may also display variable length 
horizontal lines representative of the length of atrial and 
ventricular refractory periods associated with the events 
along with numerical values indicative of measured in- 
tervals between atrial and ventricular events, based on 
still further information recorded and transmitted by the 
implantable device. The external programmer may also 
display additional inf ormation received from the implant- 
ed device such as numerical information identifying the 



heart rate and the duration of ventricular and atrial re- 
fractory periods. Also, the display may provide other 
event markers as well, such as event markers indicating 
mode switching events. The implanted device may also 
maintain counters for counting various events, such as 
paced and sensed atrial and ventricular event counters, 
for subsequent transmission to and display using the ex- 
ternal programmer. 

[0004] An exemplary surface ECG display, along with 
event markers, is provided in FIG. 1. More specifically, 
FIG. 1 illustrates three ECG complexes (denoted 2, 4 
and 6), along with P and R event markers indicating that 
the atrial and ventricular events are both intrinsic events. 
For both the P and R events, the display also includes 
horizontal lines adjacent thereto that indicate the length 
of the corresponding refractory period. Although not 
shown in FIG. 1, the external programmer may display 
additional information received from the implanted de- 
vice such as IEGM signals. 

[0005] Such displays of event markers and counters 
are helpful in permitting the physician to analyze the op- 
eration of the implanted device and to diagnose arrhyth- 
mias, if any, within the patient. U.S. Patent No. 
5,431 ,691 to Snelt et at. entitled "Method and System 
for Recording and Displaying a Sequential Series of 
Pacing Events" provides a description of the operation 
of an exemplary pacemaker and external programmer 
including a detailed description of the generation, trans- 
mission and display of IEGM data and event markers. 
U.S. Patent No. 5,431 ,691 to Snelletal. is incorporated 
by reference herein. 

[0006] Although the typical event codes and counters 
maintained by implantable devices and the typical event 
marker icons displayed by external programmers are 
quite helpful to the physician, room for improvement re- 
mains. In particular, state of the art implantable devices 
are being developed utilizing multiple sensing/pacing 
leads for pacing or sensing at multiple locations within 
the heart. For example, separate leads may be provided 
to the left and right atria, as well as to left and right ven- 
tricles. In other cases, a single atrial lead may be capa- 
ble of sensing and pacing in both the left and right atria, 
and a single ventricular lead may be capable of sensing 
and pacing in the left and right ventricles. Devices are 
also being developed which permit sensing or pacing at 
two or more locations within a single chamber. Eventu- 
ally, highly sophisticated devices may be developed 
which permit sensing and pacing at a large number of 
locations within each chamber of the heart. As can be 
appreciated, when using such systems, the aforemen- 
tioned conventional event codes, counters and event 
marker icons, which typically distinguish only between 
the atria and the ventricles may not be sufficient. Con- 
sider again the display of FIG. 1 . The intrinsic events of 
the ECG complexes 2 and 6 may have been detected 
only within the right atrium and ventricle whereas the 
intrinsic events of the ECG complex 4 may have been 
detected only within the left atrium and ventricle. Yet, 
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the events markers indicate no such distinction been the 
left and right chamber events. Moreover, because the 
complexes themselves are derived from a surface ECG, 
rather than an IEGM, the complexes contain no polari- 
zation information that might permit the physician to dis- 
tinguish between the left and right chamber events. 
[0007] Accordingly, there is a need to develop en- 
hanced event codes, event marker icons and event 
counters which accommodate implantable devices ca- 
pable of separately sensing and pacing in the left or right 
chambers of the heart, or at multiple locations within a 
single chamber of the heart. There is also a need to de- 
velop improved hardware and software for use within 
implantable devices and within external programmers 
for recording, tracking and displaying the enhanced 
codes and markers. It is to these ends that aspects of 
the invention are primarily directed. 
[0008] In accordance with a first aspect of the inven- 
tion, a system is provided for use in an implantable car- 
diac stimulation device for generating diagnostic infor- 
mation using enhanced event codes. The enhanced 
event codes are representative of events detected using 
a plurality of leads positioned at different locations within 
the heart, with at least two leads positioned within the 
atria or with at least two leads positioned within the ven- 
tricles. The system includes means for receiving signals 
representative of electrical events detected at the re- 
spective locations of the leads, means for generating 
stimulation signals using selected leads, and means for 
generating location-specific event codes representative 
of events occurring at the respective locations of the 
leads. The location-specific event codes correspond to 
the arrangement of leads and hence include at least two 
distinct event codes associated the atria or at least two 
distinct event codes associated with the ventricles. The 
system also includes means for transmitting the loca- 
tion-specific event codes to an external programmer for 
display thereon. 

[0009] In accordance with a second aspect of the in- 
vention , an external programmer is provided for use with 
an implantable cardiac stimulation device for displaying 
diagnostic information received from the stimulation de- 
vice using enhanced event marker icons. The external 
programmer includes means for receiving location-spe- 
cific event codes transmitted from the stimulation device 
and means for generating graphic displays of location- 
specific event marker icons representative of the event 
codes, with a distinct location-specific event marker icon 
associated with each distinct location-specific event 
code. The location-specific event codes provided by the 
stimulation device correspond to the arrangement of 
leads of the stimulation device, which includes at least 
two leads in the atria or at least two leads in the ventri- 
cles. 

[0010] By employing the enhanced location-specific 
event codes and event marker icons, the diagnostic in- 
formation provided by the stimulation device and dis- 
played by the external programmer thereby distinguish- 



es events sensed in the left atrium from events sensed 
in the right atrium and distinguishes events sensed in 
the left ventricle from events sensed in the right ventri- 
cle. If separate sensing locations are provided within 

5 each of the four chambers of the heart, the diagnostic 
information distinguishes electrical events occurring in 
any particular chamber of the heart from all other cham- 
bers of the heart. If multiple sensing locations are pro- 
vided within a particular chamber of the heart, the diag- 

10 nostic information distinguishes among electrical events 
occurring at each of the various locations within the 
chamber. Location-specific event counters may be pro- 
vided for separately counting events occurring at the re- 
spective locations of the leads so as to permit, for ex- 

15 ample, display of location-specific event histograms. 
The stimulation device and external programmer there- 
by provide more effective tracking of electrical events 
within the heart and permit more sophisticated displays 
of diagnostic information. 

20 pOU] In one specific example, wherein the stimula- 
tion device has pacing/sensing leads within each of the 
four chambers of the heart, the external programmer 
displays P R and P L event marker icons representative 
of sensed events in the right and left atria, respectively, 

25 and R R and R L event marker icons representative of 
sensed events in the right and left ventricles, respective- 
ly. If the stimulation device is capable of pacing in either 
the left ventricle, the right ventricle, or both ventricles 
simultaneously, the external programmer displays V L , 

30 v R , and V D event marker icons, respectively. If the stim- 
ulation device is also capable of pacing in the left and 
right atria, the external programmer additionally dis- 
plays Al, Ar and A D event marker icons, respectively. 
For stimulation devices capable of pacing or sensing at 

35 multiple locations within a single chamber, additional 
subscripted indices are employed indicating the specific 
location within the chamber. A vertical tick mark is dis- 
played by the external programmer adjacent the each 
event marker icon to indicate the exact time of the cor- 

40 responding event. If an intrinsic event sensed in one 
chamber triggers a stimulation event in another cham- 
ber, the external programmer displays two vertical tick 
marks adjacent to one another along with a pair of event 
marker icons identifying the sensed and triggered 

45 events. Horizontal lines are displayed to indicate the du- 
ration of corresponding refractory periods. The event 
marker icons are displayed adjacent surface ECG sig- 
nals or IEGM signals, or both. Separate location-specific 
IEGM signals may be displayed, including, for example, 

so a separate I EGM signal per chamber. The external pro- 
grammer may also be programmed to display location- 
specific histograms, such as one histogram for right atri- 
al intrinsic events as a function of heart rate and another 
histogram of left atrial intrinsic events as a function of 

55 heart rate. 

[0012] Other objects and advantages of the invention 
are achieved as well. Method embodiments of the in- 
vention are also provided. 
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[0013] The invention further includes a method as set 
out in appended claim 24. 

[0014] Preferably, the step of generating graphic dis- 
plays of location-specific event marker icons includes 
the step of generating icons that distinguish between the 
left and right atria, or the step of generating graphic dis- 
plays of location-specific event marker icons includes 
the step of generating icons that distinguish between the 
left and right ventricles, or the step of generating graphic 
displays of location-specific event marker icons includes 
the step of generating icons that distinguish among the 
four chambers of the heart, or the step of generating 
graphic displays of location-specific event marker icons 
includes the step of generating icons representative of 
stimulation events occurring simultaneously in multiple 
chambers of the heart. 

[0015] Preferably the method further includes the 
steps of receiving counts of locations-specific events, 
with the counts distinguishing among events occurring 
at different locations within the heart, and generating 
graphic displays of the counts of the events, and pref- 
erably the counts are received as a function of heart rate 
and wherein the step of generating graphic displays of 
is performed to generate a graphic histogram display of 
the counts as a function of heart rate. 
[0016] Preferably the method further includes the 
steps of receiving refractory period information associ- 
ated with the event codes and generating graphic dis- 
plays of the refractory periods, or the steps of receiving 
information linking related event codes and generating 
graphics indicative of the linking of related event codes, 
or the steps of receiving surface electrocardiograms 
(ECGs) and generating graphic displays of the surface 
ECGs. 

[0017] The invention further comprises a method as 
set out in claim 29. 

[0018] Preferably the method further includes the 
steps of: 

generating dual chamber stimulation signals using 
the pulse generators for delivery to at least two 
leads in separate chambers of the heart; and 
generating dual chamber event codes using the 
controller, the dual chamber event codes being rep- 
resentative of the dual chamber stimulation signals. 

[001 9] Preferably the step of generating location-spe- 
cific event codes includes the step of linking event codes 
for related events, including events detected in one 
chamber which trigger generation of a stimulation signal 
in another chamber and preferably further includes the 
step of recording the location-specific event codes. 
[0020] Preferably the method further including the 
step of counting events occurring at the respective lo- 
cations of the leads while distinguishing among events 
occurring at different leads, or the step of: determining 
a heart rate of the patient and wherein the step of count- 
ing events is performed to separately count events at 



different heart rates so as to generate a location-specific 
histogram of events as a function of heart rate, or 

the step of: detecting refractory periods as- 
sociated with the events, or 
5 the steps, performed by an externa! programmer, 

of: 

receiving location-specific event codes transmitted 
from the implantable cardiac stimulation device; 
10 and 

graph icalfy displaying location-specific event mark- 
er icons representative of the event codes, with the 
location-specific event marker icons being repre- 
sentative of the locations of the respective leads at 
is which the events associated with the event codes 
occunred. 

[0021] Embodiments of the invention will now be de- 
scribed, by way of example, with reference to the draw- 
20 ings of which: 

FIG. 1 is illustrates an exemplary display of surface 
ECG complexes and a set of conventional event 
markers displayed by an external programmer in 
25 accordance with the prior art. 

FIG. 2 is a simplified diagram illustrating an implant- 
able stimulation device in electrical communication 
with at least three sensing leads implanted into a 
patient's heart for delivering multi-chamber stimula- 
te tion and shock therapy and for sensing intrinsic 
heart signals within each of the four chambers of 
the heart; 

FIG. 3 is a functional block diagram of the implant- 
able stimulation device of FIG. 2 illustrating the ba- 

35 sic elements of the stimulation device and also il- 
lustrating, in block diagram form, an external pro- 
grammer device for use with the stimulation device; 
FIG. 4 Is a block diagram illustrating a portion of a 
memory of the implantable device of FIGS. 2 and 3 

40 for storing enhanced location-specific event codes, 
counters and IEGM signals; 
FIG. 5 is a block diagram of pertinent components 
of the external programmer of FIG. 3 for use in 
processing and displaying the event codes, 

45 counters and IEGM signals received from the de- 
vice of FIGS. 1 and 2; 

FIG. 6 is a block diagram illustrating a portion of a 
memory of the external programmer of FIG. 5 for 
the storing enhanced location-specific event codes, 
so counters and I EGM signals received from the stim- 
ulation device; 

FIG. 7 is a flowchart illustrating a method performed 
by the system of FIGS. 2 - 6 for generating, process- 
ing, recording, and displaying enhanced location- 
55 specific diagnostic information that distinguishes 
among the chambers of the heart; 
FIG. 8 is a graph illustrating exemplary ECG com- 
plexes along with enhanced event markers that dis- 
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tinguish among the four chambers of the heart as 
displayed by the external programmer of FIG. 5; 
FIG. 9 is a graph Illustrating another exemplary 
ECG complex as displayed by the external pro- 
grammer of FIG. 5; 

FIG. 10 is a graph illustrating another exemplary 
ECG complex along with atrial and ventricular 
IEGM signals as displayed by the external program- 
mer of FIG. 5; and 

FIGS. 11 A and 11 B are graphs illustrating exem- 
plary location-specific histograms as displayed by 
the external programmer of FIG. 5. 

[0022] In the description of the invention that follows, 
like numerals or reference designators will be used to 
refer to like parts or elements throughout. 
[0023] The description is of a system having an im- 
plantable cardiac stimulation device for implantation into 
a patient and an external programmer for programming 
the operation of the implantable device and for process- 
ing and displaying diagnostic information received from 
the implantable device regarding the condition of the pa- 
tient and regarding the condition of the implantable de- 
vice itself. The diagnostic information displayed by the 
external programmer includes enhanced location-spe- 
cific event marker icons. 

[0024] Herein, details of an exemplary implantable 
device are provided with reference to FIGS. 2-4, which 
illustrates a dual-chamber implantable stimulation de- 
vice capable of provide cardioversion, defibrination and 
pacing stimulation in four chambers of the heart. Then 
details regarding an exemplary external programmer 
are provided with reference to FIG. 5 and 6. Thereafter, 
a method performed by the implantable device and the 
external programmer to generate and display the en- 
hanced diagnostic information is described with refer- 
ence to FIG. 7. Finally, various exemplary graphic dis- 
plays generated by the external programmer are de- 
scribed with reference to the FIGS. 8 - 1 1 B. 

Stimulation Device 

[0025] As shown in FIG. 2, there is a stimulation de- 
vice 1 0 in electrical communication with a patients heart 
12 by way of three leads, 20, 24 and 30, suitable for 
delivering multi-chamber stimulation and shock therapy. 
To sense atrial cardiac signals and to provide right atrial 
chamber stimulation therapy, the stimulation device 10 
is coupled to an implantable right atrial lead 20 having 
at least an atrial tip electrode 22, which typically is im- 
planted in the patient's right atrial appendage. 
[0026] To sense left atrial and ventricular cardiac sig- 
nals and to provide left chamber pacing therapy, the 
stimulation device 1 0 is coupled to a "coronary sinus" 
lead 24 designed for placement in the "coronary sinus 
region" via the coronary sinus os for positioning a distal 
electrode adjacent to the left ventricle and/or additional 
electrode(s) adjacent to the left atrium. As used herein, 



the phrase "coronary sinus region" refers to the vascu- 
lature of the left ventricle, including any portion of the 
coronary sinus, great cardiac vein, left marginal vein, left 
posterior ventricular vein, middle cardiac vein, and/or 
5 small cardiac vein or any other cardiac vein accessible 
by the coronary sinus. 

[0027] Accordingly, an exemplary coronary sinus lead 
24 is designed to receive atrial and ventricular cardiac 
signals and to deliver left ventricular pacing therapy us- 
10 jng at least a left ventricular tip electrode 26, left atrial 
pacing therapy using at least a left atrial ring electrode 
27, and shocking therapy using at least a left atrial coil 
electrode 28. For a complete description of a coronary 
sinus lead, see U.S. Patent Application No. 09/457,277, 
J 5 filed 1 2/8/99, entitled "A Self-Anchoring, Steerable Cor- 
onary Sinus Lead" (Pianca et. al); and U.S. Patent No. 
5,466,254, "Coronary Sinus Lead with Atrial Sensing 
Capability" (Helland), which patents are hereby incor- 
porated herein by reference. 
20 [0028] The stimulation device 10 is also shown in 
electrical communication with the patienfs heart 12 by 
way of an implantable right ventricular lead 30 having, 
in this embodiment, a right ventricular tip electrode 32, 
a right ventricular ring electrode 34, a right ventricular 
25 (RV) coil electrode 36. and an SVC coil electrode 38. 
Typically, the right ventricular lead 30 is transvenousiy 
inserted into the heart 12 so as to place the right ven- 
tricular tip electrode 32 in the right ventricular apex so 
that the RV coil electrode will be positioned in the right 
so ventricle and the SVC coil electrode 38 will be positioned 
in the superior vena cava. Accordingly, the right ven- 
tricular lead 30 is capable of receiving cardiac signals, 
and delivering stimulation in the form of pacing and 
shock therapy to the right ventricle. 
35 [0029] As illustrated in FIG. 3, a simplified block dia- 
gram is shown of the multi-chamber implantable stimu- 
lation device 10, which is capable of treating both fast 
and slow rhythms with electrical therapy, including car- 
dioversion, defibrillation, and pacing stimulation. While 
40 a particular multi-chamber device is shown, this is for 
illustration purposes only, and one of skill in the art could 
readily duplicate, eliminate or disable the appropriate 
circuitry in any desired combination to provide a device 
capable of treating the appropriate chambers) with car- 
45 dioversion, defibrillation and pacing stimulation. 

[0030] The housing 40 for the stimulation device 1 0, 
shown schematically in FIG. 3, is often referred to as the 
"can", "case" or "case electrode" and may be program- 
mably selected to act as the return electrode for all "un- 
50 jpolar" modes. The housing 40 may further be used as 
a return electrode alone or in combination with one or 
more of the coil electrodes, 28, 36 and 38, for shocking 
purposes. The housing 40 further includes a connector 
(not shown) having a plurality of terminals, 42, 44, 46, 
55 48, 52, 54, 56, and 58 (shown schematically and, for 
convenience, the names of the electrodes to which they 
are connected are shown next to the terminals). As 
such, to achieve right atrial sensing and pacing, the con- 
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nector includes at least a right atrial tip terminal (A,, TIP) 
42 adapted for connection to the atrial tip electrode 22. 
[0031] To achieve left chamber sensing, pacing and 
shocking, the connector includes at least a left ventricu- 
lar tip terminal (V L TIP) 44, a left atrial ring terminal (\ 
RING) 46, and a left atrial shocking terminal (\ COIL) 
48, which are adapted for connection to the left ventricu- 
lar ring electrode 26, the left atrial tip electrode 27, and 
the left atrial coil electrode 28, respectively. 
[0032] To support right chamber sensing, pacing and 
shocking, the connector further includes a right ventricu- 
lar tip terminal (V R TIP) 52, a right ventricular ring ter- 
minal (V R RING)54, aright ventricular shocking terminal 
(Ry COIL) 56, and an SVC shocking terminal (SVC 
COIL) 58, which are adapted for connection to the right 
ventricular tip electrode 32, right ventricular ring elec- 
trode 34, the RV coil electrode 36, and the SVC coil elec- 
trode 38, respectively. 

[0033] Thus, with the arrangement of leads of FIG. 2 
and terminals of FIG. 3, the device is capable of sepa- 
rately sensing electrical signals in each of the four cham- 
bers of the heart. Additional leads and terminals may be 
provided to separately sense electrical signals at multi- 
ple locations within a particular chamber. 
[0034] At the core of the stimulation device 1 0 is a pro- 
grammable microcontroller 60, which controls the vari- 
ous modes of stimulation therapy. As is well known in 
the art, the microcontroller 60 typically includes a micro- 
processor, or equivalent control circuitry, designed spe- 
cifically for controlling the delivery of stimulation therapy 
and may further include RAM or ROM memory, logic and 
timing circuitry, state machine circuitry, and I/O circuitry. 
Typically, the microcontroller 60 includes the ability to 
process or monitor input signals (data) as controlled by 
a program code stored in a designated block of memory. 
The details of the design and operation of the microcon- 
troller 60 are not critical to the invention. Rather, any 
suitable microcontroller 60 may be used that carries out 
the functions described herein. The use of microproc- 
essor-based control circuits for performing timing and 
data analysis functions are well known in the art. 
[0035] As shown in RG. 3, an atrial pulse generator 
70 and a ventricular pulse generator 72 generate pacing 
stimulation pulses for delivery by the right atrial lead 20, 
the right ventricular lead 30, and/or the coronary sinus 
lead 24 via an electrode configuration switch 74. It is 
understood that in order to provide stimulation therapy 
in each of the four chambers of the heart, the atrial and 
ventricular pulse generators, 70 and 72, may include 
dedicated, independent pulse generators, multiplexed 
pulse generators, or shared pulse generators. The pulse 
generators, 70 and 72, are controlled by the microcon- 
troller 60 via appropriate control signals, 76 and 78, re- 
spectively, to trigger or inhibit the stimulation pulses. 
[0036] The microcontroller 60 further includes timing 
control circuitry 79 which is used to control the timing of 
such stimulation pulses (e.g., pacing rate, atrioven- 
tricular (AV) delay, atrial interconduction (A-A) delay, or 



ventricular interconduction (V-V) delay, etc.) as well as 
to keep track of the timing of refractory periods, blanking 
intervals, noise detection windows, evoked response 
windows, alert intervals, marker channel timing, etc., 

5 which is well known in the art 

[0037] The switch 74 includes a plurality of switches 
for connecting the desired electrodes to the appropriate 
I/O circuits, thereby providing complete electrode pro- 
grammability. Accordingly the switch 74, in response to 

io a control signal 80 from the microcontroller 60, deter- 
mines the polarity of the stimulation pulses (e.g., unipo- 
lar, bipolar, combipolar, etc.) by selectively closing the 
appropriate combination of switches (not shown) as is 
known in the art. 

rs [0038] Atrial sensing circuits 82 and ventricular sens- 
ing circuits 84 may also be selectively coupled to the 
right atrial lead 20, coronary sinus lead 24, and the right 
ventricular lead 30, through the switch 74 for detecting 
the presence of cardiac activity in each of the four cham- 

20 bers of the heart. Accordingly, the atrial (ATR. SENSE) 
and ventricular (VTR. SENSE) sensing circuits, 82 and 
84, may include dedicated sense amplifiers, multiplexed 
amplifiers, or shared amplifiers. The switch 74 deter- 
mines the "sensing polarity" of the cardiac signal by se- 

25 lectively closing the appropriate switches, as is also 
known in the art. In this way, the clinician may program 
the sensing polarity independent of the stimulation po- 
larity. 

[0039] Each sensing circuit, 82 and 84, preferably em- 

30 ploys one or more low power, precision amplifiers with 
programmable gain and/or automatic gain control, 
bandpass filtering, and a threshold detection circuit, as 
known in the art, to selectively sense the cardiac signal 
of interest. The automatic gain control enables the de- 

35 vice 10 to deal effectively with the difficult problem of 
sensing the low amplitude signal characteristics of atrial 
or ventricular fibrillation. The outputs of the atrial and 
ventricular sensing circuits, 82 and 84, are connected 
to the microcontroller 60 which, in turn, are able to trig- 

40 ger or inhibit the atriai and ventricular pulse generators, 
70 and 72, respectively, in a demand fashion in re- 
sponse to the absence or presence of cardiac activity in 
the appropriate chambers of the heart. For arrhythmia 
detection, the device 1 0 utilizes the atrial and ventricular 

45 sensing circuits, 82 and 84, to sense cardiac signals to 
determine whether a rhythm is physiologic or patholog- 
ic. As used herein "sensing" is reserved for the noting 
of an electrical signal, and "detection" is the processing 
of these sensed signals and noting the presence of an 

50 arrhythmia. The timing intervals between sensed events 
are then classified by the microcontroller 60 by compar- 
ing them to a predefined rate zone limit (i.e., bradycar- 
dia, normal, low rate VT, high rate VT, and fibrillation rate 
zones) and various other characteristics (e.g., sudden 

55 onset, stability, physiologic sensors, and morphology, 
etc.) in order to determine the type of remedial therapy 
that is needed (e.g., bradycardia pacing, anti-tachycar- 
dia pacing, cardioversion shocks or defibrillation 
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shocks, collectively referred to as "tiered therapy"). 
[0040] Cardiac signals are also applied to the inputs 
of an analog-to-digital (A/D) data acquisition system 90. 
The data acquisition system 90 is configured to acquire 
intracardiac electrogram signals, convert the raw analog 5 
data into a digital signal, and store the digital signals for 
later processing and/or telemetric transmission to an ex- 
ternal device 102. The data acquisition system 90 is 
coupled to the right atrial lead 20, the coronary sinus 
lead 24, and the right ventricular lead 30 through the 
switch 74 to sample cardiac signals across any pair of 
desired electrodes. 

[0041] The microcontroller 60 is further coupled to a 
memory 94 by a suitable data/address bus 96, wherein 
the programmable operating parameters used by the 
microcontroller 60 are stored and modified, as required, 
in order to customize the operation of the stimulation de- 
vice 10 to suit the needs of a particular patient. Such 
operating parameters define, for example, pacing pulse 
amplitude, pulse duration, electrode polarity, rate, sen- 
sitivity, automatic features, arrhythmia detection criteria, 
and the amplitude, waveshape and vector of each 
shocking pulse to be delivered to the patient's heart 12 
within each respective tier of therapy. A feature of the 
invention is the ability to sense and store a relatively 
large amount of data (e.g.. from the data acquisition sys- 
tem 90). which data may then be used for subsequent 
analysis to guide the programming of the device. In par- 
ticular, the memory stores location-specif ic data such as 
location-specific event records and IEGM data. In a pri- 
mary example described herein, the memory separately 
stores diagnostic data for each of the four chambers of 
the heart. A portion of memory 94 is shown in FIG. 4. 
As can be seen the memory stores location-specific 
event records, counter data and IEGM data for each of 
the four chambers of the heart. As will be described fur- 
ther below, the location-specific data is ultimately trans- 
mitted to an external programmer for display thereon. 
Processing of the location-specific data, including gen- 
eration of the location-specific event records and the 
storage thereof in the memory, is controlled by a loca- 
tion-specific event processing unit 95 of the microcon- 
troller. The location-specific event processing unit may- 
be a software module of a control program executed by 
the controller. 

[0042] Advantageously, the operating parameters of 
the implantable device 10 may be non-invasively pro- 
grammed into the memory 94 through a telemetry circuit 
100 in telemetric communication with the external de- 
vice 102, such as a programmer, transtelephonic trans- 
ceiver, or a diagnostic system analyzer. The telemetry 
circuit 1 00 is activated by the microcontroller by a control 
signal 1 06. The telemetry circuit 1 00 advantageously al- 
lows intracardiac electrograms and status information 
relating to the operation of the device 10 (as contained 
in the microcontroller 60 or memory 94) to be sent to the 
external device 102 through an established communi- 
cation link 104. For examples of such devices, see U.S. 



Patent No. 4,809,697, entitled "Interactive Program- 
ming and Diagnostic System for use with Implantable 
Pacemaker" (Causey, III et al.); U.S. Patent No. 
4,944,299, entitled "High Speed Digital Telemetry Sys- 
tem for Implantable Device" (Silvian); and U.S. Patent 
Application No. 09/223,422, filed 12/30/1998, entitled 
"Efficient Generation of Sensing Signals in an Implant- 
able Medical Device such as a Pacemaker or ICD" 
(note: this relates to transfer of EGM data) (McClure et 
al.), which patents are hereby incorporated herein by 
reference. 

[0043] In the preferred embodiment, the stimulation 
device 10 further includes a physiologic sensor 108, 
commonly referred to as a "rate-responsive" sensor be- 
cause it is typically used to adjust pacing stimulation rate 
according to the exercise state of the patient. However, 
the physiological sensor 108 may further be used to de- 
tect changes in cardiac output, changes in the physio- 
logical condition of the heart, or diurnal changes in ac- 
tivity (e.g., detecting sleep and wake states). According- 
ly, the microcontroller 60 responds by adjusting the var- 
ious pacing parameters (such as rate, AV Delay, V-V 
Delay, etc.) at which the atrial and ventricular pulse gen- 
erators, 70 and 72, generate stimulation pulses. 
[0044] The stimulation device additionally includes a 
battery 110 that provides operating power to all of the 
circuits shown in FIG. 3. For the stimulation device 10, 
which employs shocking therapy, the battery 110 must 
be capable of operating at low current drains for long 
periods of time, and then be capable of providing high- 
current pulses (for capacitor charging) when the patient 
requires a shock pulse. The battery 110 must also have 
a predictable discharge characteristic so that elective 
replacement time can be detected. Accordingly, the de- 
vice 10 preferably employs lithium/sifver vanadium ox- 
ide batteries or lithium iodine cells. 
[0045] The stimulation device 10 further includes a 
magnet detection circuitry (not shown), coupled to the 
microcontroller 60. It is the purpose of the magnet de- 
tection circuitry to detect when a magnet is placed over 
the stimulation device 10, which magnet may be used 
by a clinician to perform various test functions of the 
stimulation device 10 and/or to signal the microcontrol- 
ler 60 that the external programmer 102 is in place to 
receive or transmit data to the microcontroller 60 
through the telemetry circuits 100. 
[0046] As further shown in FIG. 3, the device 10 is 
shown as having an impedance measuring circuit 112 
which is enabled by the microcontroller 60 via a control 
signal 114. The impedance measuring circuit 112 is not 
critical to the invention and is shown for only complete- 
ness. 

[0047] In the case where the stimulation device 1 0 is 
intended to operate as an implantable cardioverter/de- 
fibrillator (ICD) device, it must detect the occurrence of 
an arrhythmia, and automatically apply an appropriate 
electrical shock therapy to the heart aimed at terminat- 
ing the detected arrhythmia. To this end, the microcon- 
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troller 60 further controls a shocking circuit 11 6 by way 
of a control signal 118. The shocking circuit 11 6 gener- 
ates shocking pulses of low (up to 0.5 Joules), moderate 
(0.5 - 10 Joules), or high energy (11 to 40 Joules), as 
controlled by the microcontroller 60. Such shocking 
pulses are applied to the patient's heart 12 through at 
least two shocking electrodes, and as shown in this em- 
bodiment, selected from the left atrial coil electrode 28, 
the RV coil electrode 36, and/or the SVC coil electrode 
38. As noted above, the housing 40 may act as an active 
electrode in combination with the RV electrode 36, or as 
part of a split electrical vector using the SVC coil elec- 
trode 38 or the left atrial coil electrode 28 (i.e. : using the 
RV electrode as a common electrode). 
[0048] Cardioversion shocks are generally consid- 
ered to be of low to moderate energy level (so as to min- 
imize pain feft by the patient), and/or synchronized with 
an R-wave and/or pertaining to the treatment of tachy- 
cardia. Defibrillation shocks are generally of moderate 
to high energy level (i.e., corresponding to thresholds in 
the range of 5-40 Joules), delivered asychronously 
(since R-waves may be too disorganized), and pertain- 
ing exclusively to the treatment of fibrillation. According- 
ly, the microcontroller 60 is capable of controlling the 
synchronous or asynchronous delivery of the shocking 
pulses. 

External Programmer 

[0049] RQ. 4 illustrates pertinent components of an 
external programmer for use in programming an im- 
plantable cardiac stimulation device such as the device 
of FIGS. 2 and 3. Briefly, the programmer permits a phy- 
sician or other user to program the operation of the im- 
planted device and to retrieve and display information 
received from the implanted device such as IEGM data 
and device diagnostic data. In particular, the program- 
mer is provided with internal components capable of 
separately receiving, storing and processing event 
markers representative of events paced or sensed in 
any of the four chambers of the heart. Additionally, the 
external programmer receives and displays ECG data 
from separate external ECG leads that may be attached 
to the patient. Depending upon the specific program- 
ming of the external programmer, programmer 200 may 
also be capable of processing and analyzing data re- 
ceived from the implanted device and from the ECG 
leads to, for example, render preliminary diagnosis as 
to medical conditions of the patient or to the operations 
of the implanted device. 

[0050] Now, considering the components of program- 
mer 200, operations of the programmer are controlled 
by a CPU 202, which may be a generally programmable 
microprocessor or microcontroller or may be a dedicat- 
ed processing device such as an application specific in- 
tegrated circuit (ASIC) or the like. Software instructions 
to be performed by the CPU are accessed via an internal 
bus 204 from a read only memory (ROM) 206. Additional 



software may be accessed from a hard drive 208, floppy 
drive 210, and CD ROM drive 212, or other suitable per- 
manent mass storage device. Depending upon the spe- 
cific implementation, a basic input output system (BIOS) 

s is retrieved from the ROM by CPU at power up. Based 
upon instructions provided in the BIOS, the CPU "boots 
up" the overall system in accordance with well-estab- 
lished computer processing techniques. 
[0051] Once operating, the CPU displays a menu of 

10 programming options to the user via an LCD display 214 
or other suitable computer display device. To this end, 
the CPU may, for example, display a menu of specific 
programming parameters of the implanted device to be 
programmed or may display a menu of types of diag- 

15 nostic data to be retrieved and displayed. In response 
thereto, the physician enters various commands via ei- 
ther a touch screen 216 overlaid on the LCD display or 
through a standard keyboard 218 supplemented by ad- 
ditional custom keys 220, such as an EWI key. 

20 [0052] Typically, the physician initially controls the 
programmer 200 to retrieve data stored within the im- 
planted cardiac stimulation device and to also retrieve 
ECG data from ECG leads, if any, coupled to the patient. 
To this end, CPU 202 transmits appropriate signals to a 

25 telemetry subsystem 222, which provides components 
for directly interfacing with the implanted device, and the 
ECG leads. Telemetry subsystem 222 includes its own 
separate CPU 224 for coordinating the operations of the 
telemetry subsystem. Main CPU 202 of programmer 

30 communicates with telemetry subsystem CPU 224 via 
the internal bus. Telemetry subsystem additionally in- 
cludes a telemetry circuit 226 connected to a telemetry 
wand 228, which, in turn, receives and transmits signals 
electromagneticaJlyf rom a telemetry unit of the implant- 

35 ed device. The telemetry wand is placed over the chest 
of the patient in the vicinity of the implanted device to 
permit reliable transmission of data between the telem- 
etry wand and the implanted device. Typically, at the be- 
ginning of the programming session, the external pro- 

40 gramming device controls the implanted device via ap- 
propriate signals generated by the telemetry wand to 
output all previously recorded patient and device diag- 
nostic information. Patient diagnostic information in- 
cludes, forexample, recorded IEGM data and statistical 

45 patient data such as the percentage of paced versus 
sensed heartbeats. Device diagnostic data includes, for 
example, information representative of the operation of 
the implanted device such as lead impedances, battery 
voltages, battery recommended replacement time 

so (RRT) information and the like. Preferably, all data 
stored within the implanted device is recorded within 
"event records" which facilitate the efficient storage and 
transmission of the data. Additional information pertain- 
ing to the recording, transmission, and processing of 

55 event record information may be found within the afore- 
mentioned U.S. patent to SnetL Unlike the system of 
Snell, however, the data provided by the stimulation de- 
vice and the event markers displayed by the external 
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programmer distinguish among a greater number of 
sensing locations, such as between the left and right 
chambers of the heart or among multiple locations within 
a single chamber of the heart. In the primary example 
described herein, the memory of the external program- 
mer stores the location-specific event records, counter 
data and IEGM data for each of the four chambers of 
the heart received from the stimulation device. A portion 
of ROM 206 is shown in FIG. 6. As can be seen, the 
ROM stores location-specific event records, counter da- 
ta and IEGM data for each of the four chambers of the 
heart. A location-specific event marker display genera- 
tion unit within the CPU controls the generation of graph- 
ic displays of diagnostic information based on the loca- 
tion-specific event records, counter data and IEGM data 
stored in RM 206. The location-specific event process- 
ing unit maybe a software module of a control program 
executed by the CPU. 

[0053] Data retrieved from the implanted device is 
stored by external programmer 200 either within a ran- 
dom access memory (RAM) 230, hard drive 208 or with- 
in a floppy diskette placed within floppy drive 210. Ad- 
ditionally, or in the alternative, data may be permanently 
or semi-permanently stored within a compact disk (CD) 
or other digital media disk, if the overall system is con- 
figured with a drive for recording data onto digital media 
disks, such as a write once read many (WORM) drive. 
[0054] Once all patient and device diagnostic data 
previously stored within the implanted device is trans- 
ferred to programmer 200, the implanted device may be 
further controlled to transmit additional data in real time 
as it is detected by the implanted device, such as addi- 
tional IEGM data, lead impedance data, and the like. Ad- 
ditionally, or in the alternative, telemetry subsystem 222 
receives ECG signals from ECG leads 232 via an ECG 
processing circuit 234. As with data retrieved from the 
implanted device itself, signals received from the ECG 
leads are stored within one or more of the storage de- 
vices of the external programmer. Typically, ECG leads 
output analog electrical signals representative of the 
ECG. Accordingly, ECG circuit 234 includes analog to 
digital conversion circuftry for converting the signals to 
digital data appropriate for further processing within pro- 
grammer. Depending upon the implementation, the 
ECG circuit may be configured to convert the analog sig- 
nals into event record data for ease of processing along 
with the event record data retrieved from the implanted 
device. Typically, signals received from the ECG leads 
are received and processed in real time. 
[0055] Thus the programmer receives data both from 
the implanted device and from the external ECG leads. 
Data retrieved from the implanted device includes pa- 
rameters representative of the current programming 
state of the implanted device. Under the control of the 
physician, the external programmer displays the current 
programming parameters and permits the physician to 
reprogram the parameters. To this end, the physician 
enters appropriate commands via any of the aforemen- 



tioned input devices and, under control of CPU 202, the 
programming commands are converted to specific pro- 
gramming parameters for transmission to the implanted 
device via telemetry wand 228 to thereby reprogram the 

5 implanted device. Techniques for programming an im- 
planted cardiac stimulation device may be found in U. 
S. Patent 5,716,382 entitled "Programmer For An Im- 
plantable Cardiac Stimulating Device". Prior to repro- 
gramming specific parameters, the physician may con- 

10 trol the external programmer to display any or all of the 
data retrieved from the implanted device or from the 
ECG leads, including displays of ECGs, lEGMs, and 
statistical patient information. In particular, the external 
programmer can be controlled to generate graphic dis- 

15 plays or printouts of location-specific lEGMs and event 
markers. Depending upon the programming of the ex- 
ternal programmer and the commands entered, the pro- 
grammer may display either a single combined IEGM 
representative of a combination of the IEGM signals 

20 from the four chambers of the heart or may display the 
individual IEGM signals separately. Further information 
pertaining to information that may be displayed using 
the programmer may be found in U.S. Patent No. 
5,974,341 entitled "Method And Apparatus For Detect- 

2s ing And Displaying Diagnostic Information In Conjunc- 
tion With Intracardiac Electrograms And Surface Elec- 
trocardiograms". Any or all of the information displayed 
by programmer may also be printed using a printer 236. 
[0056] Programmer 200 also includes a modem 238 

30 to permit direct transmission of data to other program- 
mers via the public switched telephone network (PSTN) 
or other interconnection line, such as a T1 line or fiber 
optic cable. Depending upon the implementation, the 
modem may be connected directly to internal bus 204 

35 may be connected to the internal bus via either a serial 
port 240 or a parallel port 242. Other peripheral devices 
may be connected to the external programmer via serial 
port 240 or a parallel port 242 as well. Although one of 
each is shown, a plurality of input output (IO) ports may 

40 be provided. A speaker 244 is incl uded for providing au- 
dible tones to the user, such as a warning beep in the 
event the physician provides improper input. Telemetry 
subsystem 222 additionally includes an analog output 
circuit 246 for controlling the transmission of analog out- 

45 put signals. 

[0057] With the programmer configured as shown, a 
physician or other user operating the external program- 
mer is capable of retrieving, processing and displaying 
a wide range of information received from the ECG 

so leads or from the implanted device and to reprogram the 
implanted device if needed. The descriptions provided 
herein with respect to FIG. 4 are intended merely to pro- 
vide an overview of the operation of programmer and 
are not intended to describe in detail each and every 

55 feature of the hardware and software of the device and 
is not intended to provide an exhaustive list of the func- 
tions performed by the device. 
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Processing of Location-specific Diagnostic Data 

[0058] FIG. 7 is a flow chart illustrating the operation 
of the programmer and implantable device to permit the 
physician to generate printouts and displays of location- 
specific diagnostic data such as lEGMs and event mark- 
ers. In the flow chart, the various steps of the method 
are summarized in individual "blocks". Such blocks de- 
scribe specific actions or decisions that are made or car- 
ried out as the method proceeds. Where a microcontrol- 
ler (or equivalent) is employed, the flow charts present- 
ed herein provide the basis for a "control program" that 
may be used by such a microcontroller (or equivalent) 
to effectuate the desired control of the stimulation de- 
vice. Those skilled in the art may readily write such a 
control program based on the flow charts and other de- 
scriptions presented herein. Steps performed by the im- 
planted device are shown on the left. Steps performed 
by the external programmer are shown on the right. 
[0059] Briefly, the implanted device operates to 
record IEGM signals and to detect, record and count lo- 
cation-specific events while distinguishing among the 
various chambers of the heart. The stimulation device 
transmits the data to the external programmer, which 
operates to display event marker icons identifying the 
location-specific events along with the IEGM signals re- 
ceived from the stimulation device or along with sepa- 
rately detected surface ECG signals. The external pro- 
grammer also operates to display the counts of the lo- 
cation-specific events in the form of histograms or other 
graphical displays. 

[0060] Initially, at step 300, the implantable stimula- 
tion device inputs separate location-specific IEGM sig- 
nals from each of the four chambers of the heart via the 
aforementioned sensing leads. Hence, at step 300, the 
stimulation device receives separate left and right atrial 
IEGM signals and separate left and right ventricular 
IEGM signals. At step 302 the location-specific IEGM 
signals are stored within an internal memory of the stim- 
ulation device (memory 94 of FIG. 3). As the signals are 
received, the stimulation device analyzes the location- 
specific IEGM signals to detect and record intrinsic de- 
flection events found therein, at step 304. The intrinsic 
events detected within the right and left atria and right 
and left ventricles are internally designated and record- 
ed using event codes identifying the specific chamber. 
Other sensed information may also be detected and re- 
corded such as the lengths of refractory periods and the 
like. Each intrinsic event, as it is recorded, is also time 
stamped to indicate the date and time of the event. De- 
pending upon the intrinsic events detected within the 
IEGM signals and on the programming of the implanted 
stimulation device, the stimulation device delivers ther- 
apy at step 306 usually in the form of individual pacing 
pulses delivered to one or more of the chambers of the 
heart. The stimulation device also records the stimula- 
tion events at step 306 in the memory along with the 
detected intrinsic events. Stimulation administered to 



the right and left atria and right and left ventricles is in- 
ternally designated and recorded using event codes 
identifying the specific chamber. Stimulation adminis- 
tered to multiple chambers simultaneously is internally 
5 designated and recorded using a appropriate multi- 
chamber event codes. Depending upon its program- 
ming and capabilities, the stimulation device also may 
be capable of sensing in one chamber and delivering a 
responsive pacing pulse in another chamber. This is de- 
io sirable if, for example, an intrinsic pacing event is de- 
tected in onhy the left ventricle rather than within both 
the left and right ventricles. If the stimulation device is 
capable of sensing in one chamber, then pacing in an- 
other, or vice versa, the two events are stored separately 
is along with a code indicating that the two events are re- 
lated. As will be described below, the programmer de- 
tects related events and generates a unique display. 
Each stimulation event, as it is recorded, Is also time 
stamped to indicate the date and time of the event. Pref- 
20 erably, the intrinsic events and stimulation events are 
recorded using the event record format of the aforemen- 
tioned Snell patent, modified as needed to accommo- 
date the various location-specific event codes. The ac- 
tual event codes may be any suitable alphanumerical 
25 codes or other codes suitable for distinguishing the 
events for storage within the memory. They may, for ex- 
ample, be unique sequences of binary numbers. 
[0061] Also as events are recorded, various internal 
counters maintained by the stimulation device are up- 
30 dated, at step 308, to track the various events. For ex- 
ample, separate location-specific intrinsic event 
counters are incremented whenever an intrinsic event 
is detected within one or more of the separate I EGM sig- 
nals. The counters may have separate bins or registers 
35 for different heart rate ranges to permit location-specific 
histograms of intrinsic events to be recorded as a func- 
tion of heart rate. Other counters may be provided for 
separately tracking events that are not location-specific, 
such stimulation events occurring in both left and right 
40 chambers. For example, for stimulation pulses applied 
to both ventricles, a dual chamber ventricular stimula- 
tion counter is updated. In other cases, although events 
may be separately detected in different chambers, a sin- 
gle counter may be used to count the sum total of all 
45 events in the separate chambers. For example, a coun- 
ter may be provided to count all intrinsic events in the 
atria, without distinguishing between the left and right 
atria. Other counters may be provided to tracking cou- 
pling intervals between successive complexes based on 
50 whether a premature beat or an intrinsic beat arises from 
the left or right atria or left or right ventricle. As can be 
appreciated, a wide variety of counters may be em- 
ployed for tracking a wide variety of information. No at- 
tempt is made herein to enumerate or describe the many 
55 counters that may be employed. In general, any con- 
ventional non -location-specific counter can be modified, 
in accordance with the principles of the invention, to sep- 
arately count location-specific data. 
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[0062] Steps 300-308 are continuously performed 
while the stimulation device is operating within the pa- 
tient to process newly received location-specific IEGM 
signals from the various chambers of the heart and to 
store location-specific event records and to update lo- 
cation-specific counters. Preferably, sufficient internal 
memory is provided to store the location-specific IEGM 
signals and event records over a relatively long period 
of time to permit subsequent transmission to the exter- 
nal programmer If the event record memory or the 
IEGM memory becomes full, the earliest recorded IEGM 
signals and event records are preferably overwritten by 
newly detected IEGM signals and event records. 
[0063] Subsequently, perhaps during a follow-up ses- 
sion with the physician, the implantable stimulation de- 
vice is controlled at step 310 to transmit the location- 
specific event records, IEGM data, and counter values 
and any other diagnostic information to the external pro- 
grammer The programmer may request that all previ- 
ously recorded event records and IEGM data be trans- 
ferred to the programmer or that only event records and 
IEGM data associated with specific periods of time be 
transmitted. Alternatively, the programmer may request 
that only real-time IEGM data and event records be 
transmitted such that the physician may generate dis- 
plays of current conditions within the heart of the patient 
and within the implantable device. 
[0064] The programmer at step 312 receives and 
stores the transmitted data. At step 314, the program- 
mer receives surface ECG data, if available, and at step 
31 6 generates corresponding graphic displays or print- 
outs of the location-specific event records and IEGM da- 
ta and the surface ECG signals. To this end, for each 
event recorded in the event record data, event markers 
are generated and displayed using icons that distinguish 
among the different types of events and among the four 
chambers of the heart. For example, L and R subscripts 
may be employed to distinguish between left and right 
chambers of the heart. A D subscript may be employed 
to represent a dual chamber event. In one specific ex- 
ample, the following icons are used to represent intrinsic 
events detected in the right and left atria and right and 
left ventricles respectively: P R , P L , R R , and r\. Also in 
the example, the following icons are used to represent 
stimulation events applied to the right and left atria and 
right and left ventricles respectively: Ar, Al, V R( and V L . 
Dual chamber pacing in the atria is represented by Aq 
whereas dual chamber pacing in the ventricles is repre- 
sented by V D . 

[0065] As can be appreciated, numerous other repre- 
sentation systems may be employed. The various event 
markers and icons described above are merely exem- 
plary. For example, rather than providing R L to identify 
an intrinsic event detected in the left ventricle, the sys- 
tem may employ a V^. Likewise, rather than using a P R 
to identify an intrinsic event sensed in the right atrium, 
the system may instead employ a A^ to identify the 
same event. If two or more pacing or sensing sites are 



located within a single chamber of the heart, numerical 
indices may be employed to distinguish there-between. 
For example, an intrinsic event detected at a first sens- 
ing location within the left atrium may be identified using 

5 the event marker P L1 whereas an intrinsic event detect- 
ed at a second location within the left atrium may be 
identified using the event marker P^. Depending upon 
the programming of the system, and the display capa- 
bilities of the programmer, different colors may be em- 

io ployed to distinguish different event marker icons. 
[0066] Preferably the event marker icons are dis- 
played along side either the IEGM data, the ECG data 
or both. Any other data provided by the stimulation de- 
vice is displayed numerically or graphically depending 

is upon the nature of the data and the preferences of the 
physician. For example, refractory periods are dis- 
played using horizontal bars. Insofar as the IEGM data 
is concerned, because the programmer receives four 
separate IEGM data streams corresponding to the four 

20 chambers of the heart, there is considerable flexibility 
as to the generation of IEGM graphic displays. Under 
the control of the physician, the programmer may dis- 
play for example, a single IEGM signal that represents 
a combination of the four separate IEGM channels. In 

25 this regard, appropriate filtering or averaging software 
may be employed to combine the four IEGM channels 
into a single IEGM signal. Alternatively, the physician 
may wish to display IEGM signals wherein left and right 
chambers are averaged together, but wherein separate 

30 displays are presented for the atrial and ventricular sig- 
nals. In still other cases, the physician may wish to dis- 
play all four individual IEGM signals. As can be appre- 
ciated, wide ranges of choices are available to the phy- 
sician. In each case, event markers are preferably dis- 

35 played alongside the I EGM signals to indicate the rela- 
tive timing relationship of the events and the portions of 
the IEGM signals displayed. 

[0067] FIG. 8 is an exemplary display of enhanced 
event markers in combination with the same ECG com- 

40 plexes of FIG. 1 (now denoted 332, 334 and 336). Unlike 
the conventional event markers of FIG. 1, the event 
markers of FIG. 8 property show that the events of com- 
plexes 332 and 336 were detected within the right cham- 
bers of the heart and the events of complex 334 were 

45 detected within the left chambers. A short vertical tick 
mark is displayed precisely indicating the point In time 
the corresponding event was detected. FIG. 8 also illus- 
trates the use of horizontal lines or bars to indicate the 
length of refractory periods associated with the P-waves 

so and R-waves. 

[0068] As noted above, the implanted device may be 
programmed to deliver a stimulation pulse to the right 
ventricle if an intrinsic pacing event is detected only in 
the left ventricle, or vice versa. If this is the case, the 

55 device thereby stores related event markers. Upon de- 
tecting a pair of related event markers, the programmer 
displays both event markers along with the ECG com- 
plex and employs two short vertical tick marks to indi- 
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cate the related sensed/fcaced events. An example is 
illustrated in FIG. 9. As can be seen, two short vertical 
tick marlcs are displayed along with adjacent R R and V L 
event marker icons indicating that an intrinsic event was 
detected in the right ventricle and a stimulation pulse 
was generated in the left ventricle. 
[0069] FIG. 10 illustrates a combination display of 
both atrial and ventricular IEGM signals and a surface 
ECG complex 337 along with location-specific event 
marker icons. The figure specifically illustrates an intrin- 
sic atrial deflection point 338 used by the implanted de- 
vice to detect the intrinsic atrial event and an intrinsic 
ventricular deflection point 340 used by the implanted 
device to detect the intrinsic ventricular event. In the ex- 
ample of FIG. 10, only a single atrial IEGM signal is il- 
lustrated and only a single ventricular IEGM signal is il- 
lustrated. In other embodiments, separate left and right 
atrial and left and right ventricular IEGM signals are dis- 
played by the external programmer. 
[0070] Returning again to the flow chart of FIG. 7, at 
step 31 8 the programmer generates graphic displays or 
printouts of the location -specific counter values such as 
location-specific histograms and the like. FIGS. 11 A 
and 11 B illustrates a pair of location-specific histograms 
illustrating counts of intrinsic events detected in the left 
and right atria as a function of heart rate. Other location- 
specific histograms may be displayed as well such as 
histograms illustrating counts of intrinsic events detect- 
ed in the left and right ventricles as a function of heart 
rate or histograms illustrating counts of stimulation 
events in the various chambers of the heart. 
[0071 ] What has been described are systems for gen- 
erating, storing, processing and graphically displaying 
a wide variety of information pertaining to events detect- 
ed by an implantable cardiac stimulation device. The 
various functional components of the exemplary system 
may be implemented using any appropriate technology 
including, for example, microprocessors running soft- 
ware programs or application specific integrated circuits 
(ASICs) executing hard-wired logic operations. Al- 
though described with respect to a pacemaker used in 
conjunction with an external programmer, aspects of the 
invention are applicable to other systems, such as sys- 
tems employing other implantable cardiac stimulation 
devices or systems employing other types of external 
interfaces for use with the implantable device. 



Claims 

1. A system for processing diagnostic information in 
an external programmer received from an implant- 
able cardiac stimulation device comprising: 

means for receiving location-specific event 
codes transmitted from the implantable cardiac 
stimulation device, with at least two of the dis- 
tinct location-specific event codes being asso- 



ciated with the atria or with at least two of the 
distinct location-specific event codes being as- 
sociated with the ventricles; and 
means for generating graphic displays of loca- 
5 tion-specific event marker icons representative 

of the event codes, with a distinct location-spe- 
cific event marker icon associated with each 
distinct location-specific event code. 

10 2. The system of claim 1 wherein the means for gen- 
erating graphic displays of location-specific event 
marker icons generates icons that distinguish be- 
tween the left and right atria, or between the left and 
right ventricles, or among the four chambers of the 

15 heart, or also generates icons representative of 
stimulation events occurring simultaneously in mul- 
tiple chambers of the heart. 

3. The system of claim 1 or 2: 

20 wherein the means for receiving location-spe- 

cific event codes also receives counts of locations- 
specific events, with the counts distinguishing 
among events occurring at different locations within 
the heart; and 

25 wherein the means for generating graphic dis- 

plays also generates graphic displays of the counts 
of the events, and preferably wherein the means for 
receiving receives the counts as a function of heart 
rate; and 

30 wherein the means for generating graphic dis- 

plays generates histograms of the counts as a func- 
tion of heart rate. 

4. The system of any preceding claim: 

35 wherein the means for receiving location-spe- 

cific event codes also receives refractory period in- 
formation associated with the event codes; and 

wherein the means for generating graphic dis- 
plays also generates graphic displays of the refrac- 
40 tory periods, and/or 

wherein the means for receiving location-spe- 
cific event codes also receives information linking 
related event codes; and 

wherein the means for generating graphic dis- 
45 plays also generates graphics indicative of the link- 
ing of related event codes, and/or 

wherein the means for receiving location-spe- 
cific event codes also receives location-specific in- 
tracardiac electrograms (I EG Ms); and 
so wherein the means for generating graphic dis- 

plays also generates graphic displays of the loca- 
tion-specific lEGMs. 

5. The system of any preceding claim further including 
55 means for receiving surface electrocardiograms 

(ECGs) and wherein the means for generating 
graphic displays also generates graphic displays of 
the surface ECGs, and preferably wherein the 



12 



8NSDOCIO <EP 1245248A2_I_> 



23 



EP 1 245 243 A2 



24 



means for receiving ECGs comprises an ECG input 
system. 

6. A system as claimed in any of claims 1 to 5 in which 
the means for receiving comprises a telemetry sys- 
tem and the means for generating comprises a lo- 
cation-specific event processing unit. 

7. An implantable cardiac stimulation device for use 
with the system of any preceding claim. 

8. Trie stimulation device of claim 7 wherein the stim- 
ulation device has a plurality of leads positioned at 
different locations within the heart of the patient with 
at least two leads positioned within the atria or with 
at least two leads positioned within the ventricles. 

9. Trie stimulation device of claim 1 2 further including 
a system for processing signals received from the 
leads comprising: 

means for receiving signals representative of 
electrical events detected at the respective lo- 
cations of the leads; 

means for generating a stimulation signals us- 
ing selected leads; 

means for generating location-specific event 
codes representative of events occurring at the 
respective locations of the leads, with at least 
two distinct location-specific event codes being 
associated the atria or with at least two distinct 
location-specific event codes being associated 
with the ventricles; and 
means for transmitting the location-specific 
event codes to the external programmer. 

1 0. A system for an implantable cardiac stimulation de- 
vice for implant into a patient wherein the stimula- 
tion device has a plurality of leads positioned at dif- 
ferent locations within the heart of the patient with 
at least two leads positioned within the atria or with 
at least two leads positioned within the ventricles, 
the system comprising: 

means for receiving signals representative of 
electrical events detected at the respective lo- 
cations of the leads; 

means for generating stimulation signals using 
selected leads; 

means for generating location-specific event 
codes representative of events occurring at the 
respective locations of the leads, with at least 
two distinct location-specific event codes being 
associated the atria or with at least two distinct 
location-specific event codes being associated 
with the ventricles; and 
means for transmitting the location-specific 
event codes to an external programmer. 



1 1 . The device of claim 9 or system of claim 1 0 wherein 
at least two leads are positioned in the atria or ven- 
tricles and wherein the means for generating loca- 
tion-specific event codes generates codes that dis- 

5 tinguish between the left and right atria or ventricles 
respectively. 

1 2. The device of claim 9 or system of claim 1 0 wherein 
at least one lead is positioned in each chamber of 

10 the heart and wherein the means for generating lo- 
cation -specif ic event codes generates codes that 
distinguish among the four chambers of the heart. 

1 3. The device of claim 9 or system of claim 1 0 wherein 
is the means for generating stimulation signals gen- 
erates dual chamber stimulation signals using at 
least two leads in separate chambers of the heart 
and wherein the means for generating event codes 
also generates event codes representative of the 

20 dual chamber stimulation signals and preferably 
with the dual chamber event codes being different 
from single chamber event codes. 

14. The system of claim 10 wherein the means for re- 
25 ceiving signals and the means for generating a stim- 
ulation signals operate to detect an intrinsic electri- 
cal event in one chamber of the heart and immedi- 
ately generate a stimulation signal for delivery to an- 
other chamber of the heart and preferably wherein 

30 the means for generating location-specific event 
codes generates linked event codes for the intrinsic 
event detected in one chamber and the stimulation 
signal generated for delivery to the other chamber 
of the heart. 

35 

1 5. The system of any of claims 1 0 to 1 4 further includ- 
ing means for recording the location-specific event 
codes, preferably a memory. 

40 16. The system of any of claims 1 0 to 1 5 further includ- 
ing location-specific means for separately counting 
events occurring at the respective locations of the 
leads. 

45 17. The system of any of claims 10 to 16 further includ- 
ing means, preferably a heart rate determination 
unit, for determining a heart rate of the patient and 
wherein the location-specific means for counting 
events, preferably location specific counters, sepa- 

50 rately counts events at different heart rates so as to 
generate a location-specific histogram of events as 
a function of heart rate. 

1 8. The system of any of claims 1 0 to 1 7 further includ- 
55 ing means, preferably a heart rate determination 
unit, for detecting refractory periods associated with 
electrical events. 
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19. The system of any of claims 1 0 to 1 8 further includ- 
ing means for generating location-specific intracar- 
diac electrograms (lEGMs). 

20. The system of any of claims 1 0 to 1 9 in which the 5 
means for receiving comprises a set of sensors, the 
means for generating stimulation signals comprises 

a set of pulse generators , the means for generating 
event codes comprises a location-specific data 
processing unit andthe means for transmitting com- 10 
prises a telemetry circuit. 

21 . The system f o claim 20 wherein the location-specif- 
ic data processing unit links event codes for related 
events : including events detected in one chamber 15 
which trigger generation of a stimulation pulse in an- 
other chamber, or wherein the location-specific data 
processing unit includes location-specific counters 

for counting events occurring at the respective lo- 
cations of the leads, with the counters separately 20 
counting events occurring at different lead loca- 
tions. 

22. An external programmer for receiving and display- 
ing information transmitted from the implantable 25 
cardiac stimulation device of any of claims 1 0 to 21 . 

23. The external programmer of claim 22 comprising: 

means, preferably a telemetry subsystem 30 
means, for receiving location-specific event 
codes transmitted from the implantable cardiac 
stimulation device; and 

means, preferably a processor, for generating 35 
graphic displays of location-specific event 
marker icons representative of the event codes, 
with the location-specific event marker icons 
being representative of the locations of the re- 
spective leads at which the events associated 40 
with the event codes occurred, and preferably 
further including means for receiving surface 
electrocardiograms (ECGs) and wherein the 
means for generally graphic displays also gen- 
erates graphic displays at the surface ECGs. *s 

24. A method for processing in an external programmer 
for use with an implantable cardiac stimulation de- 
vice, diagnostic information received from the stim- 
ulation device comprising the steps of: so 

receiving location-specific event codes trans- 
mitted from the implantable cardiac stimulation 
device, with at least two of the distinct location- 
specific event codes being associated with the ss 
atria or with at least two of the distinct location- 
specific event codes being associated with the 
ventricles; 



receiving intracardiac electrogram (IEGM) sig- 
nals from the implantable cardiac stimulation 
device; and 

generating graphic displays of location-specific 
event marker icons representative of the event 
codes, with a distinct location-specific event 
marker icon associated with each distinct loca- 
tion-specific event code along with graphic dis- 
plays of the IEGM signals. 

25. A method in an implantable cardiac stimulation de- 
vice for implant into a patient, having a controller, a 
telemetry unit, and a set of sensors and pulse gen- 
erators connected to a plurality of leads positioned 
at different locations within the heart of the patient, 
with at least two leads positioned within the atria or 
with at least two leads positioned within the ventri- 
cles, comprising the steps of: 

receiving sensor signals from the sensors rep- 
resentative of electrical events detected at the 
respective locations of the leads; 
generating stimulation pulses using the pulse 
generators for delivery to the heart using se- 
lected leads; 

generating location-specific event codes using 
the controller, the event codes being based on 
the sensor signals and stimulation pulses, with 
at least two distinct location-specific event 
codes being associated the atria or with at least 
two distinct location-specific event codes being 
associated with the ventricles; and 
transmitting the location-specific event codes 
to an external programmer using the telemetry 
unit. 

26. A system for processing in an external programmer 
for use with an implantable cardiac stimulation de- 
vice, diagnostic information received from the stim- 
ulation device comprising: 

means for receiving location-specific event 
codes transmitted from the implantable cardiac 
stimulation device, with at least one distinct lo- 
cation-specific event code associated with 
each of the four chambers of the heart; 
means for receiving location-specific intracar- 
diac electrograms (lEGMs) transmitted from 
the implantable cardiac stimulation device; 
means for receiving surface electrocardio- 
grams (ECGs); 

means for generating graphic displays of loca- 
tion-specific event marker icons representative 
of the event codes, with a distinct location-spe- 
cific event marker icon associated with each 
distinct location-specific event code; and 
means for generating displays of the lEGMs 
and ECGs. 
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27. A system for processing In an external programmer 
for use with an implantable cardiac stimulation de- 
vice.diagnostic information received from the stim- 
ulation device comprising: 

5 

a telemetry system operative to receive loca- 
tion-specific event codes transmitted from the 
implantable cardiac stimulation device, with at 
least one distinct location-specific event code 
associated with each of the four chambers of 10 
the heart; 

the telemetry system also receiving location- 
specific intracardiac electrograms (lEGMs) 
transmitted from the implantable cardiac stim- 
ulation device and counts of location-specific 15 
event codes as a function of heart rate; 
a surface electrocardiogram (ECG) input unit 
operative to input a surface ECG; and 
a location-specific event processing unit oper- 
ative to generate graphic displays of location- 20 
specific event marker icons representative of 
the event codes, with a distinct location-specific 
event marker icon associated with each distinct 
location-specif ic event code; with 
the location-specific event processing unit also 25 
operative to generate graphic displays of the 
I EG Ms and ECGs and graphic histogram dis- 
plays of the counts of the event codes as a func- 
tion of heart rate. 

30 

28. A method for processing In an external programmer 
for use with an implantable cardiac stimulation de- 
vice,diagnostic information received from the stim- 
ulation device comprising the steps of: 

receiving location-specific event codes trans- 
mitted from the implantable cardiac stimulation 
device, with at least one distinct location-spe- 
cific event code associated with each of the four 
chambers of the heart; 

receiving intracardiac electrogram (IEGM) sig- 
nals from the implantable cardiac stimulation 
device; 

receiving surface electrocardiogram signals 
from an external surface ECG device; and 
generating graphic displays of location-specific 
event marker icons representative of the event 
codes, with a distinct location-specific event 
marker icon associated with each distinct loca- 
tion-specific event code, the event marker 
icons being displayed along side graphic dis- 
plays of the IEGM signals and the ECG signals. 

29. A system for an implantable cardiac stimulation de- 
vice for implant into a patient wherein the stimula- 
tion device has a plurality of leads positioned at dif- 
ferent locations within the heart of the patient with 
at least one lead positioned within each chamber of 



the heart, comprising: 

means for receiving signals representative of 
electrical events detected at the respective lo- 
cations of the leads; 

means for generating location-specific intracar- 
diac electrograms (lEGMs) based on the sig- 
nals received from the leads; 
means for generating stimulation signals using 
selected leads; 

means for generating location-specific event 
codes representative of events occurring at the 
respective locations of the leads, with at least 
one distinct location-specific event code being 
associated with each chamber of the heart; 
means for recording the location-specific event 
codes and lEGMs; and 
means for transmitting the location -specific 
event codes and lEGMs to an external pro- 
grammer. 

30. An implantable cardiac stimulation device and ex- 
ternal programmer system comprising: 

an implantable cardiac stimulation device for 
implant into a patient wherein the stimulation 
device has a plurality of leads positioned at dif- 
ferent locations within the heart of the patient 
with at least one lead within each chamber of 
the heart; 

the stimulation device having a set of sensors 
operative to receive signals from the leads rep- 
resentative of electrical events detected at the 
respective locations of the leads, a set of pulse 
generators operative to generate stimulation 
pulses for delivery to the heart using selected 
leads, a location-specific data processing unit 
operative to generate location-specific event 
codes representative of events occurring at the 
leads, with at least one distinct location-specific 
event code being associated with each cham- 
ber of the heart, and a telemetry circuit; and 
an external programmer for receiving and dis- 
playing information transmitted from the im- 
plantable cardiac stimulation; with 
the external programmer having a telemetry 
subsystem means operative to receive the lo- 
cation-specific event codes transmitted from 
the implantable cardiac stimulation device and 
a processor operative to generate graphic dis- 
plays of location-specific event marker icons 
representative of the location-specific event 
codes, with the event marker icons being rep- 
resentative of the locations of the respective 
leads at which the events associated with the 
event codes occurred. 

31 . A method in an implantable cardiac stimulation de- 
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vice for implant into a patient, the stimulation device 
having a controller, a telemetry unit, and a set of 
sensors and pulse generators connected to a plu- 
rality of leads positioned at different locations within 
the heart of the patient, with at least one lead within 5 
each chamber of the heart, comprising the steps of: 

receiving signals representative of electrical 
events detected at the respective locations of 
the leads; 10 
generating location-specific intracardiac elec- 
trograms (I EG Ms) based on the signals re- 
ceived from the leads; 

generating stimulation signals using selected 
leads; 15 
generating location-specific event codes repre- 
sentative of events occurring at the respective 
locations of the leads, with at least one distinct 
location-specific event code being associated 
with each chamber of the heart; and 20 
transmitting the location-specific event codes 
and lEGMs to an external programmer. 
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(54) Method and apparatus for generating and displaying location-specific diagnostic 

information using an implantable cardiac stimulation device and an external programmer 



(57) Location-specific diagnostic Information is de- 
tected and recorded by a cardiac stimulation device (1 0) 
for subsequent display using an external programmer 
device (102). The diagnostic information includes loca- 
tion-specific event records, counters and IEGM signals. 
The event records include event codes that distinguish 
among events occurring in the four chambers of the 
heart (12), such as sensed or paced events occurring 
within the left or right atria or the left or right ventricles. 
The counters separately count events occurring within 
the chambers of the heart. The IEGM signals are sepa- 
rately detected within the four chambers of the heart (1 2) 
using a multiple sensing lead arrangement. The loca- 
tion-specific event records, counters and IEGM signals 
are ultimately transmitted to the external programmer, 
which displays graphic representations of the diagnostic 
information. The event records are displayed using dis- 
tinct event marker icons which distinguish among the 
four chambers of the heart. The distinct event marker 
icons are displayed along with location-specific IEGM 
displays or surface ECG displays to permit a physician 
operating the programmer to easily identify the specific 
chambers of the heart (12) in which events the occurred. 
Additionally, the programmer displays the values of the 
various counters to provide, for example, a set of loca- 
tion-specific histograms. The diagnostic information de- 
tected and recorded by the stimulation device and dis- 
played by the external programmer device may further 
distinguish among events detected at multiple locations 



within each chamber of the heart (12). 
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